surgery in elderly patients, provide evidence that hypofractionated radiotherapy over 3 weeks is equivalent to longer treatment, 3 and most recently, demonstrate that chemoradiation with temozolomide is superior to radiotherapy alone. 4 This last study establishes a new paradigm for the treatment of patients older than 65 years with Karnofsky performance status (KPS) >70. Furthermore, molecular testing has revealed a low prevalence of favorable prognostic markers in elderly patients. 5 The virtual absence of isocitrate dehydrogenase (IDH) mutations in patients over the age of 65, according to the new World Health Organization (WHO) classification, suggests that differential prognosis is not based solely on age but rather on the fact that separate entities exist with a distinct age distribution. 6 In contrast, the distribution of O 6 -methylguanine-DNA methyltransferase (MGMT) promoter methylation is similar to that in younger patients. The potential use of MGMT as a predictive biomarker is suggested by the most recent trial data. 4, 7 In contrast to the newly diagnosed setting, there are no controlled trials focusing on elderly patients at recurrence. Here, the data need to be extrapolated from the general
Glioblastoma in elderly patients: solid conclusions built on shifting sand?
The Central Brain Tumor Registry of the United States (CBTRUS) statistical report comprises data on patients with 112 458 malignant primary brain and central nervous system tumors between 2006 and 2010. Glioblastomas comprise 45.2% 8 of these tumors and patients have a median age at diagnosis of 64. The average age-adjusted incidence rate per year is 3.19 (3.16-3.21 ) per 100 000 with a peak incidence of 14.93/100 000 between 75 and 84 years. The incidence of glioblastoma therefore increases with age and shows the highest incidence in the 75-to 84-year-old age group. 8 As with other neoplasms, this age-related increase in glioblastoma incidence has been attributed to immunological deficits, but DNA repair deficits may also be contributory. These factors together with an aging population in most countries account for a larger number of diagnoses of glioblastoma. Importantly, survival markedly decreases with age. The probability of surviving 12 months with a glioblastoma is 9.2% for patients ≥75 years compared with 40.7% for patients between 55 and 64 years of age. 8 These data do not allow one to differentiate between the impact of age, tumor biology, and treatment on prognosis, as age is one of the factors clinicians may use when deciding on treatment intensity. 9, 10 A population-based evaluation of patterns of care in 4137 patients ≥65 years of age with glioblastoma revealed that comorbidities and age influence the probability of receiving a resection, radiotherapy, or chemotherapy. 2 Although maximal safe surgery and radiotherapy have been standards in the treatment of glioblastoma for many years, the management of elderly patients has remained challenging, since treatment-related toxicities and slower recovery rates are more common. Consequently, survival times are short, with a median of less than 4 months in a population-based survey. 2 For decades, these patients have been understudied and excluded from trials despite being the most prominent age group. This has now changed and it is deemed unethical to limit treatment based on age alone. With this in mind, we aim to discuss the most salient topics in the care of elderly patients. Of utmost importance is the clinical definition of these patients. Elements for this discussion are provided below.
Frailty Score
Frailty may be associated with increased rates of perioperative complications, including infections, difficulties in terminating ventilation, and prolonged recovery. 11 It is not clear that old age alone is associated with such complications, and maximal safe resection should be considered in elderly glioblastoma patients. 12 Postoperative management can incorporate symptom control with corticosteroids and antiseizure medication, as required. Early introduction of palliative care may have a role in many patients. Management should be based upon the fitness of the patient, performance status, and MGMT promoter methylation status. 13 Frailty is commonly defined as unintentional weight loss (5 kg in the previous year), self-reported exhaustion, weakness of grip, slow walking speed, and low physical activity. 14 Clinical frailty scales rely on energy levels and motivation as surrogates for age-related health status. Scales commonly focus on ambulatory abilities and need for assistance, thereby effectively building a better KPS. 15 Others have developed scales based on the EORTC 30-item quality of life assessment scale (EORTC-QLQ-C30), and a cancer-specific comprehensive geriatric assessment. Whereas the EORTC-QLQ-C30 is an excellent tool to follow patients over time, it does not provide levels to decide on the fitness of a patient and at a given time point will be influenced by the disease (ie, less well to assess the past prior to a therapy decision).
Implementing age-specific methodology into clinical trials has been advocated by the EORTC. 16 Critical elements that should be incorporated into trials include the Oncodage G8 questionnaire (Table 1) , the Instrumental Activities of Daily Living (IDAL) questionnaire, 18 the Charlson Comorbidity Index (CCI), 19 and data about whether a patient lives independently, with support from others, or in an institution ( Table 1) . The IDAL questionnaire assesses ability and motivation to use the phone, go shopping, prepare food, do household work, use transportation, correctly and independently take medication, and manage the financial budget. 18 The CCI employs a scoring system for the presence of various diseases and then prognosticates lethality according to age with and without particular comorbidities. Deficiencies of the CCI include limited abilities to differentiate between diseases and between disease severity. Future studies should implement these assessments to better define the target population and answer specific questions within this population.
The scales summarized contain age as one element, but not as a full surrogate for being elderly. An elderly patient population could be defined by a lower age corridor of 65-70 years, an upper KPS of 80, and additional elements of frailty, for example, in the CCI. Most trials conducted so far focused mainly on age. A challenge will be to use the proposed treatments, mainly longer or shorter chemoradiation (6 or 12 cycles maintenance temozolomide), in the appropriate population, although key elements of "young" and "elderly" have not been part of the inclusion criteria.
Molecular Specifics of Glioblastoma in Elderly Patients
Older patients with glioblastoma were viewed not to benefit to the same extent from the addition of temozolomide to the standard of care. 20 The prognosis of elderly patients even considering comorbidities is worse compared with that of younger patients. 21 With the emergence of precision medicine, molecular diagnostics may be utilized to explain these differences and to define a specific profile for glioblastoma in elderly patients.
Already some years ago, biomarkers such as TP53 mutation, 1p deletion, cyclin dependent kinase 2 alpha (CDKN2A)/p16 deletion, and epidermal growth factor receptor (EGFR) amplification had been described to be associated with age. TP53 mutations and EGFR amplification had a differential prognostic value when samples were stratified for age. TP53 mutation was a positive prognostic marker in patients ≤70 years and a negative marker in patients >70 years, whereas EGFR amplification was a negative prognostic marker in patients ≤70 years and a positive marker in older patients. 22 Also microenvironmental factors like vascular endothelial growth factor (VEGF) expression have been correlated with age. 23 Older patients appear to have higher VEGF expression and therefore may respond better to VEGF inhibition. 23 Along these lines, some have proposed that edema is worse in elderly patients. However, an MRI-based analysis did not support age at diagnosis as a determinant of peritumoral edema. Rather, tumor localization in the white matter and a larger area of necrosis were associated with greater extent of edema. This study concluded that glioblastomas in elderly patients do not have a distinct radiographic appearance at diagnosis. 24 Positive prognostic biomarkers, like mutations of IDH, are virtually absent in glioblastoma of elderly patients. 5 Lower-grade IDH wildtype diffuse astrocytomas particularly in elderly patients can follow a more aggressive course, resembling glioblastoma. 6, 13 Increased age is associated with a decrease in general methylation levels in the brain. 25 Consistent with this, the general methylation levels in glioblastomas are low. Despite this and despite earlier reports that elderly patients tend to have MGMT promoter hypermethylation, 26 recent studies reveal that the frequency of MGMT promoter methylation does not in fact vary with age. 5 Gene expression and methylation analyses have been used to categorize glioblastoma into subtypes. Verhaak et al proposed proneural, neural, classical, and mesenchymal subtypes based on expression and genomic abnormalities. 27 On the basis of an earlier expression classification, Lee et al suggested that the prognostic effect of age may be a reflection of less favorable subtypes occurring in older patients. 28 The proneural, IDH-mutated subtype occurs more often in younger patients and is associated with longer survival. 28 Moreover, analyses of methylation patterns 29, 30 and other integrated data 30 propose that age correlates with distinct glioblastoma clusters.
An evaluation focusing on patients with an overall survival (OS) of >36 months (compared with patients dying a tumorrelated death <12 mo) did not provide evidence that any distinct gene expression profile (proneural, classical, or mesenchymal) was associated with outcome. Rather, patients with long-term survival were younger and more often had tumors with IDH1/2 mutation and MGMT promoter methylation. 31 
Update on Randomized Trials-10 Years of Progress
It has taken more than a decade to confirm that combined chemoradiation with temozolomide is as effective in elderly patients as in young patients. With similar paradigms 
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now being used for essentially all patient populations with diffuse gliomas, it is now a perfect time to implement new concepts for elderly patients.
Despite the common use of radiotherapy, chemotherapy, and the combination across all age groups, it was only in 2007 that a French trial provided evidence for postsurgical radiotherapy being effective in elderly patients. A regimen of 50 Gy in 1.8-Gy fractions was superior to best supportive care in patients 70 years or older with good KPS 32 ( Table 2 ). Due to the considerable time burden of radiation and the impression of a better ratio of treatment to survival time, patients with unfavorable prognostic factors defined by age or performance status are commonly treated with hypofractionated radiotherapy (eg, 40.05 Gy in 15 fractions). 3 In elderly patients, this is the standard of care for patients with tumors lacking MGMT promoter methylation. 33, 34 Further hypofractionation to 5 × 5 Gy may be feasible without compromising survival 35 but may not be as well tolerated in terms of neurocognitive function, which will assume more relevance once other treatment options allow longer survival in elderly patients, although the study provided no decline in health-related quality of life (HRQoL) between this regimen and the 40.05 Gy. 35 In addition to the concerns regarding adverse effects, radiation oncologists have some reservations against the use of hypofractionated regimens with nominally but also biologically lower doses. The commonly used elderly regimen provides a higher daily fraction but lower total exposure, resulting in an equivalent dose of about 50 Gy. Despite this principle, the trial data from both the Canadian phase II trial 3 as well as the comparisons between the 2 radiotherapy groups from the Nordic trial, 33 2 Gy × 30 fractions versus 3.4 Gy × 10 fractions, revealed the hypofractionated regimen to be more effective (Table 2) . However, comparisons in the Nordic trial were limited, especially since it had 3 arms. In this trial of patients ≥60 years of age, subjects were randomized to 2 different radiotherapy regimens versus temozolomide alone (200 mg/m 2 days 1-5 every 28 days for 6 cycles). Standard radiotherapy yielded inferior results, and temozolomide appeared to be superior in patients >70 years of age. MGMT promoter methylation was associated with better OS in temozolomide-treated patients (9.7 vs 6.8 mo, 95% CI: 8.0-11.4 vs 5.9-7.7; hazard ratio [HR] 0.56; 95% CI: 0.34-0.93, P = 0.03), but not in radiation-treated patients (8.2 vs 7.0 mo, 95% CI: 6.6-9.9 vs 5.7-8.3; HR 0.97; 0.69-1.38, P = 0.88). Abbreviations: RT, radiotherapy; TMZ, temozolomide; BSC, best supportive care.
The NOA-08 trial of the Neurooncology Working Group of the NOA randomized patients with glioblastoma (n = 331) and anaplastic astrocytoma (n = 40) ≥66 years of age to radiotherapy (30 × 2 Gy) or temozolomide (dose-intensified one week on/one week off). 36 Median progression-free survival (PFS) and OS were similar in both arms. Patients with MGMT promoter-methylated tumors had longer PFS when treated with temozolomide compared with radiotherapy of 8.4 versus 4.6 months (P < 0.0001). In contrast, patients with tumors without MGMT promoter methylation had longer PFS when treated with radiotherapy rather than temozolomide of 4.6 versus 3.3 months (P < 0.01). Overall survival showed a similar trend-however, it was diluted by "cross-over" in approximately 50% of the patients. 34 Based on this series of trials, the standard of care differentiated postoperative therapy according to MGMT status. Patients without hypermethylation of the MGMT promoter were commonly treated with radiotherapy alone. Many sites also adopted the hypofractionated 3-weekly course of radiotherapy. The standard for patients above the age of 65-70 years with hypermethylated MGMT promoter was less clear. On the one hand, the Nordic and NOA-08 trials provided evidence for the efficacy of temozolomide alone; however, comparative data between chemoradiation with temozolomide and temozolomide alone were lacking and remain absent today. The centers used temozolomide alone or standard chemoradiation according to the EORTC 26981 (CCTG CE.3) trial. However, the latter study restricted enrollment to patients ≤70 years and used a regimen of 60 Gy radiotherapy in 2-Gy fractions. Exploratory subgroup analyses of this trial suggested a diminishing impact from the addition of temozolomide to patients with increasing age, with the survival benefit for temozolomide losing statistical significance for patients aged 65-70 (HR = 0.78 [0.50-1.24], P = 0.29). 20, 37 The uncertainty surrounding the value of temozolomide for elderly patients generated by the agebased analysis of EORTC 26981/CCTG CE.3 coupled with the knowledge that elderly glioblastoma patients often receive abbreviated courses of radiotherapy and that chemoradiotherapy poses a greater burden in this elderly patient group served as the backdrop for the CCTG CE.6/EORTC 26062 trial. In order to show superiority of temozolomide added to an abbreviated course of radiotherapy (15 × 2.67 Gy to 40.05 Gy) with up to 12 cycles maintenance temozolomide versus radiotherapy alone, 281 patients were randomized to each arm. The median age was 73 years (range, 65-90). Combined chemoradiation improved OS compared with radiotherapy alone (median 9.3 mo vs 7.6 mo, providing an HR of 0.67, 95% CI: 0.56-0.80, P < 0.0001). Combined chemoradiation also improved PFS as documented by a median of 5.3 months with chemoradiotherapy versus 3.9 months with radiotherapy alone. The risk reduction was 50% as documented by an HR of 0.50 with 95% CI of 0.41-0.60. As in the previous trials, patients with glioblastoma harboring a hypermethylated MGMT promoter (n = 165) benefited the most from the addition of alkylating chemotherapy. The median OS for chemoradiation in MGMT hypermethylated patients was 13.5 months compared with 7.7 months for the radiotherapy cohort (HR = 0.53, 95% CI: 0.38-0.73, P = 0.0001). Unexpectedly, for patients with MGMT unmethylated tumors (n = 189) there was also a strong trend toward benefit from temozolomide. The HR was 0.75 (95% CI: 0.56-1.01, P = 0.055) for chemoradiotherapy versus radiotherapy, with median OS of 10.0 versus 7.9 months. Similar to NOA-08, 34 which employed the same frailty instrument, quality-of-life assessments did not reveal any relevant differences in both arms, indicating that the combination did not adversely impact daily living and that radiotherapy, although less efficacious, provides the same quality of life, though over a shorter period. This practice-influencing trial demonstrates that the addition of temozolomide to shortcourse (hypofractionated) radiotherapy improves survival for elderly patients with glioblastoma. However, patients with MGMT methylated tumors benefit the most, with a near doubling of median OS. 4 Of note, median OS in the best-performing group of NOA-08, patients with MGMT methylated tumors treated with temozolomide, had not been reached at the initial report and may well be in a similar range. 34 Table 2 provides an overview of the most important randomized trials over the past 15 years. Cross-trial comparisons are generally limited but may be even more so in these trials, since concepts for eligibility but also the philosophy of postprogression treatment (NOA-08 vs Nordic) strongly varied. In the next section, we will provide an interpretation of the impact of these and other data on best practices for diagnosis, surgery, radiotherapy, and chemotherapy, as well as the limitations, a provisional treatment algorithm (Fig. 1) , and future perspectives.
Best Therapeutic Practice

Diagnosis
The updated WHO classification provides a clear definition of glioblastoma irrespective of age. 6 Beneficial prognostic markers are absent in glioblastomas of elderly patients, but this has not impacted therapy. 5 The absence of IDH mutations is a general feature of a bona fide glioblastoma that has not progressed from a lower-grade lesion. Absence of IDH mutation appears to be more prevalent in the elderly population.
We currently are unable to use trial results directly for decision making in our individual patients. This is in part trivial and the same in all trials, but is more pronounced in the elderly population, as in trials we manage to exclude several factors that are more prevalent with age, comorbidities, comedications, different social situations, and different levels of independence. To determine optimal approaches, KPS and a simple frailty tool (Table 1) should be assessed, and chronological age alone should not be used for categorizing patients as elderly or not. Importantly, age-specific burdens should be inquired about. Imaging is done by MRI, and currently we do not have indications for specific protocols in elderly patients, as long as kidney function is preserved, which may be hampered by the contrast agents. Presence of an implanted device may preclude MRI and mandate imaging with cranial CT or PET.
Surgery
Resection is superior to biopsy at least in selected patients. 12 Although criticized for KPS bias in the patient
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groups and the limited group size as well as limitations of adjuvant options to radiotherapy, the Vuorinen trial is unique in its attempt to provide randomized information and indication of a benefit for a more radical surgical approach. The data are supported by larger though nonrandomized series. Resection showed a longer median OS than biopsy (5.7 vs 4.0 mo, P = 0.02) in a case-control study involving 2 × 40 patients matched for age, KPS, tumor localization, and subsequent therapy. 38 In the CCTG CE.6/EORTC 26062 trial, 4 biopsy-only patients had significantly shorter survival than those with tumor resection (HR = 1.67, 95% CI: 1.38-2.02, P < 0.0001), while higher Mini-Mental State Examination score predicted longer survival (HR = 0.96, 95% CI: 0.94-0.98, P < 0.0001). 4 Previously, the Nordic and NOA-08 trials also showed that surgical resection is superior to biopsy alone, and hence is a relevant prognostic parameter (NOA-08: risk of biopsy vs resection, 1.84 [1.44-2.35]). 34 Despite the general wish for more randomized data, current approaches include the assessment of frailty in the preoperative assessment for outcome of surgery in brain tumor patients. The study specifically aims at determining the predictive impact for the occurrence of neurosurgical complications (NCT02530749).
At present, the totality of all data clearly indicates that maximal safe resection is as important in elderly patients as it is in young patients.
In all patients, but with a higher frequency in the elderly population, there are situations where the clinical situation (KPS or comorbidities) does not allow further tumor-specific measures. Here, best supportive care as outlined below is indicated. In our view, this generally requires a histological diagnosis and should be done based on imaging alone only in very rare, well-discussed exemptions (Fig. 1) .
Molecular diagnostics
With the exception of IDH and MGMT 31 status, molecular markers do not have a defined role in clinical practice and are considered investigational. Testing of IDH is necessary to comply with the recent update of the WHO classification of central nervous system tumors. 6 The presence of an IDH mutation in a glioblastoma most likely defines a separate disease entity. In our view, MGMT testing just for the sake of completeness is not supported; it is a relevant molecular biomarker and should be done to facilitate therapy decisions. Such judgment may include withholding alkylating chemotherapy, adjusting the duration of alkylating treatment in a patient with impaired tolerance, and participating in trials or alternative therapies.
Radiotherapy
For elderly patients with a poor prognosis due to comorbidities or frailty, careful evaluation of postsurgical treatment options is necessary. This evaluation should seek to maximize the value of care rather than reduce treatment based on elderly age alone. In support of this, the ANOCEF trial showed that radiotherapy improved OS relative to best supportive care. Importantly, radiotherapy had no detrimental effects on the quality of life or cognitive function in this trial. 32 For patients >70 years of age, conventional radiotherapy (60 Gy over 6 wk) may be less appropriate than hypofractionated schedules, though there may be a minimum number of fractions one should use. Reasons to pursue abbreviated treatment include less frequent visits to the clinic and less time spent on treatment versus OS. The main reasons for conventional radiotherapy frequently discussed are (i) lower long-term toxicity based on the fraction Stupp et al. 20 size with the risk of increasing the biologically effective dose to normal tissue to a proportionally greater extent and (ii) the alleviation of concerns about tumor undertreatment both for the radiation as well as for the chemotherapy part with hypofractionation. Assuming an α/β ratio of 2.3 for glioblastoma, the biologically equivalent dose of the most common hypofractionated regimens (40 Gy in 15 fractions, 34 Gy in 10 fractions) is only in the range of 45 Gy in 2-Gy fractions. It remains to be seen whether the shorter temozolomide duration is relevant in a patient population other than that in the initial phase II trial, where median survival was quite low, suggesting a poor prognosis group. In addition to the lower radiation dose, hypofractionated chemoradiation regimens have shorter temozolomide courses. It would be interesting to understand whether this missing temozolomide dose may account for worse overall outcomes of elderly patients in the current CCTG CE.6/ EORTC 26062 trial versus other trials using 6-week courses of chemoradiation.
Chemotherapy
In addition to the controlled data from the Nordic and the NOA-08 trials, data from an uncontrolled French trial with temozolomide alone at 150-200 mg/m 2 5/28 days in frail patients >70 years with KPS <70 support the assumption that temozolomide is generally safe (grade 3 and 4 neutropenia and thrombocytopenia in 13% and 14%, respectively). In this trial, temozolomide was also effective, with median PFS of 16 weeks and median OS of 25 weeks in patients who have been excluded from most chemotherapy trials to date. Furthermore, 23/70 patients had a functional improvement determined by KPS, quality of life, and cognitive function. This result demonstrates that effective treatment can be achieved without significant functional loss. In essence, temozolomide seems tolerable in elderly patients with low KPS and should not be withheld, especially from patients with hypermethylated MGMT promoter. 39 
Chemoradiotherapy
In patients with good (>70) KPS and age >65-70 years, combined chemoradiation is recommended for patients with hypermethylated MGMT promoter. However, data on temozolomide monotherapy versus chemoradiation are lacking, making temozolomide monotherapy a reasonable option when KPS or patient preference suggests that combined treatment may be too exhausting. Further research on patients with unmethylated MGMT is needed, as data in the most recent CCTG CE.6/EORTC 26062 trial 4 show that temozolomide is beneficial in these patients as well as in MGMT-methylated patients. Based on the initial temozolomide trial, 20 we have good data that temozolomide is beneficial for patients <70 years with good KPS. Avoidance of the MGMT test seems more related to the lack of alternatives than to trust in the temozolomide effect in the patients with tumors harboring an unmethylated MGMT promoter. With the most recent randomized data from CCTG CE.6/EORTC 26062 in patients with age >70 and good KPS, the standard seems well defined as hypofractionated chemoradiation.
However, the conclusions are in part built on shifting sand. The lack of comparison to temozolomide alone and to the standard 60 Gy chemoradiotherapy plus the high efficacy of temozolomide alone in NOA-08 in the patients with MGMT methylated tumors make these options valid as well (Fig. 1) and an interesting aspect for a future comparison.
In the future, more comprehensive geriatric workup, MRI with sophisticated radiomics, 40 and biological characterization may optimize treatment planning. Besides clinical trials, it will be critical to get a sense of what the recent study data mean in real world practice. In addition to pure efficacy considerations, it will be important to maintain quality of life, preserve functional independence, and minimize therapy-related side effects.
Practical Aspects and Symptomatic Management
Brain tumors may cause a spectrum of symptoms, including fatigue, depression, nausea, seizures, headaches, and focal deficits, many of which result from elevated intracranial pressure. Practical aspects for management may even be more important for elderly patients as premorbid resources, such as mobility, communication, memory, and other intellectual functions, existence of a social network helping to make decisions and interfering with the process, but also allowing for more advanced or time-consuming treatments, may be more limited. In elderly patients, the brain tumor diagnosis may more likely trigger considerations on the ability to maintain an independent household. Resilience may benefit from older age, as lifelong experiences may help us to return from a very stressful situation. As resilience depends on social networks, intellectual capacities, and openness to new projects, the age-related deficits inhibit this adaptation. Although good evidence for the value of rehabilitation exists, 41 we may be more active in convincing families and caregivers of the value of maintaining or regaining mobility, communication, swallowing, etc, functions to enhance independence and HRQoL.
With pretumor physical impairments or cognitive deficits as well as other relevant diseases or polypharmacy, the symptom management for elderly patients is not distinct, but potentially more challenging than for younger patients.
This review touches only specific aspects and refers to excellent summaries on practical aspects. 42 Increased intracranial pressure resulting from edema can be controlled with corticosteroids. Their benefit must be balanced over time with potential side effects such as proximal myopathy, weight gain, opportunistic infections, steroid-induced diabetes with a higher prevalence in elderly patients, 43 and osteoporotic fractures, also more likely, which can be debilitating. 44 Furthermore, steroids may reduce the benefit from temozolomide in the most responsive MGMT promoter methylated subgroup 45 and potentially even more generally. 46 As mentioned above, rehabilitation and long-lasting physical as well as occupational therapies may be key to allow maintaining or regaining independence and ensure the optimal quality of living. Although data exist to show the effects of inpatient rehabilitation not to differ between brain tumor and other
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neurological patients, the efforts for rehabilitation seem to be less in this group. Randomized data are being generated in an ongoing trial. 47, 48 Costs are not prohibitive compared with neurological diseases like stroke or traumatic brain injury. 49 Seizures may occur as well as cognitive, motor, or sensory deficits in a location-dependent manner. Anticonvulsants are therefore often warranted. However, as in the younger population, there is no indication for primary prophylaxis. Especially in elderly patients, dose restrictions must be considered in patients with renal deficits and in patients with a tendency toward aggressive behavior on levetiracetam or in patients with accentuated cognitive deficits on some of the older anticonvulsants. Restrictions in the ability to drive are the same as in the younger population-however, use of public transportation or social networks allowing for the same level of mobility and access to therapies and supportive measures are more difficult to realize in elderly patients. 50 Patients with glioblastoma are among the most highly at-risk individuals for thrombosis and its complications in all medical and surgical practice. 51 The incidence is variable. Prospective data suggest 0.015 cases per month (18% annually) despite perioperative heparin thromboprophylaxis. 52 In addition to the risk conferred by the tumor, paresis is a risk factor, whereas age is not. Current practice suggests no prophylactic anticoagulation, but management analogous to the non-brain tumor patient.
Randomized data for palliative care in the glioblastoma setting are lacking. In a randomized study in lung cancer patients, however, the addition of palliative care improved quality of life and increased OS. 53 Based on this and similar studies, we recommend the early incorporation of palliative care support.
Future Development
Glioblastoma is a particularly angiogenic tumor, especially in elderly patients. VEGF is a key molecule driving angiogenesis in glioblastoma, and VEGF inhibitors such as bevacizumab (BEV) have been explored in the multimodality treatment of glioblastoma [54] [55] [56] and at progression. 57 These trials did not improve OS but did prolong PFS, which may be explained in part by the drug's ability to reduce edema, but can nevertheless improve quality of life in some patients. Certain findings suggest that elderly patients could particularly benefit from anti-VEGF strategies: OS in elderly patients is decreased compared with OS in younger patients. Elderly patients receive less salvage therapy at recurrence than younger patients. 2 In recurrent glioblastoma patients, BEV has shown promising activity in particular in elderly patients, and data from the randomized trial of BEV in patients with newly diagnosed glioblastoma (AVAGlio) indicate a significant increase in PFS. 58 Only a minority of patients enrolled in AVAGlio qualify as elderly (8%, 73/921 patients ≥70 y). However, there is a trend, demonstrated by a superior HR, for the prolongation of PFS by the addition of BEV particularly in patients with glioblastomas without MGMT promoter methylation. However, comorbidities in elderly patients make it very likely that the triple combination of radiation, temozolomide, and anti-angiogenic agents will be tolerated less well in this population. Data for BEV in elderly patients are provided by the Avastin plus Radiotherapy in Elderly Patients with Glioblastoma (ARTE) trial (NCT01443676) at the World Federation of NeuroOncology Societies (WFNOS) meeting, failing to show a survival impact of BEV when combined with hypofractionated radiotherapy at 40.05 Gy. This small but randomized phase II trial included radiotherapy alone as the standard arm and was amended to patients with glioblastoma without hypermethylation of the MGMT promoter. 58 In summary, these observations may justify further studies on the role of antiangiogenic treatments in newly diagnosed glioblastoma of elderly patients, potentially with a stratification based on MGMT promoter methylation status.
Additionally, further research on tumor treating fields 59 is needed in elderly glioblastoma patients. Differences in outcome may occur if the tumor treating field is used following hypofractionated chemoradiation, and study of this may be beneficial as well. 60 Whether elderly patients should be included in immunotherapy or precision medicine trials should be decided by clinical, social, and personal factors, and not by age. Age leading to a reduction in fitness and activity should be a reason to initiate more careful assessments and support measures; chronological age per se should not be used to exclude patients from trials. Innovative therapies may emerge from the recent discovery that transmembrane nanotubes (TMs) connect glioblastoma cells and are intimately involved in proliferation and therapeutic resistance. 61 These TMs are more prevalent and extensive in 1p/19q non-codeleted astrocytic tumors and tend to be more prevalent with higher WHO grade. They may be relevant in the elderly population, although conclusive proof is missing, as TMs cannot be detected well without IDH co-staining and are thus far confined to these tumors for assessment. TMs may provide an Achilles heel for therapeutic intervention (Table 3) . 62 
Conclusions
Treatment principles should be the same for both elderly and young glioblastoma patients. We should be focused on a maximal safe benefit from every intervention. Specific points for elderly patients are the need for a more detailed assessment of resources and function prior to each intervention. Molecular information helps us to understand the lower frequency of long-term benefit in these patients, as positive prognostic markers are virtually absent. However, we do have a strong predictive marker, MGMT promoter methylation. Its relevance is challenged by the most recent data from the CCTG/EORTC trials, but the totality of data still speaks for a strong impact of MGMT, on which we should build future concepts. Therefore, we are still convinced that management should be based upon the fitness of the patient, performance status, and MGMT promoter methylation status. This approach is incorporated into the current European Association of Neuro-Oncology guidelines.
Beyond molecular parameters, it will be interesting to see how our perception of therapeutic limitations as opposed to lesser benefit impacts outcome in elderly patients.
There is a need to establish cohorts of elderly patients in our trials or do specific trials for elderly patients. Elderly and frail patients may even help us to reconsider approaches in younger patients, which often focus too much on efficacy parameters like PFS or OS rather than functionality and quality of life.
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